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tiem momeoxaiiimes tie Ckrece Of attack velocity on 
mremolucone so: Danenester-type engagements between forces 
Teen ranee dependent kill-rates. Range dependent (linear 
mramgudarditic) Kill-rates are considered, and analytic 
Pwmierols to lanchester-type equations are utilized in 
Pais study. 

Dwi line wenemdittaek Velocity, the effects on ter- 
iat torce strengths are investigated for the case when 
mimoeedekineg force has the initial fighting strength su- 
Mermbority, and for the case when a defending force has the 


mereial fighting Strength superiority. 
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ieee NT RODUCTTION 


S. Bonder and colleagues [8] have described the neces- 
Sity for military planners to evaluate, both comparatively 
Pigmingividually, the @¢ffectiveness and costs of proposed 
weapon systems and force structures. They have pointed out. 
that Monte Carlo simulations or wargames have been used ex- 
memsively in Situations where adequate descriptive theory 
Pemeenoet cxisted. The shortcomings of the Monte Carlo simu- 
Meaaons and wargames in terms of cost and degree of diffi- 
culty of analysis are noted, as are the advantages and 
disadvantages of analytic models. One of the disadvantages 
Seeanatytic models is the limited number of them available. 
The best known of the analytic models which are useful in 
weapon system and force structure evaluation are the 
bemenester theories of combat. 

beamehester equatioms are sets of simultaneous differ- 
ential equations which describe deterministically the at- 
trition of two opposing homogeneous forces [2]. The more 
well known of the Lanchester equations are those which 
describe combat between two forces employing aimed fire 


g@gainst each other; they are: 


Se = -ay(t) (1) 
Se) (2) 
lie 





where: 


eee oOMotaitetatonatewhich a single y unit destroys a 
Srismneeh ex Ui alee 


B= constant rate at which a single x unit destroys a 
Some yon Ct. 


Ga} number of X force survivors at time t. 
ie 


Micmdienticies @ and B are known as the attrition-rate co- 


HMiiveGraOnnel =tOrGce SUrVivors at time t. 


eeeetetents, Or kill-rates. The state solution of (1) and 
eerie. , the solution with the independent variable, time, 


memoved, is: 


BCX apa aN > y~') (3) 
mene X and Y are the initial force strengths. This is re~ 
iemcd) FO as the Lanchester square law. If the forces are 


evenly matched during an engagement, x and y, the number of 


mmerryOrs, approach zero together. Equation (3) then be- 
Somes : 

BX Stans (4) 
momen 1S the parity condition between forces. It is the 


mondition for a draw. 
The above Lanchester-type equations, (1) and (2), are 
based upon the following assumptions: 
PeeODpesIng HOkces cOnSiISteot homogencous units. 
ae (enn tswoLGoael  £Once dre within range of all 
Veeco Ot ut INNES Of tne opposing force. 
Mhenmekenecmiacaperieccn imbtelligence; 1.¢., the 


SHemmlocttlonmeof CAch Unitvor the opposing force 





is known; and when an opposing unit is destroyed, 
fire is immediately shifted to a surviving unit. 
ee ite tsedastrabuted uniformly over all surviving 

targets. 
In light of these necessary assumptions, several deficiencies 
meee model Exist, prohibiting the use of Lanchester equa- 
Mmeotomasseittective planning tools. Only problems concern- 
mc erorces composed of homogeneous units can be solved 
meapemariys, It 1s sometimes difficult to theoretically pre- 
@ret the attrition-rate coefficients of proposed weapon 
meovems. Ihe effects of mobility on the weapon system and 
On the attrition-rate coefficient have not been generally 
miteorporated into the Lanchester model [8]. 

nemo oT presented mamecxcension of Lanchester theory 

of combat which included the relative movement of forces, 
Mimecniereby allowed time and space to be "traded" for cas- 
Meberes. this extension was an attempt to incorporate the 
iets that the attrition-rate coefficients are dependent on 
force separation. One of Weiss's assumptions, however, was 
that during an engagement, force separation reached an 
equilibrium point, and that a force would advance or re- 
treat based on a comparison of the actual casualty rate with 
some predetermined tolerable casualty rate. Thus, if a 
mOmeceWweCremreCGctyiIme Castlialties at a rate higher than the 
Puede ommilcamaicce hua lesmate, that force would retreat; 
likewise, the other force would advance to maintain its 


equilibrium casualty rate. Weiss further assumed that the 





Mmemoenmeduired Lor the forces to respond to fluctuations in 
micir Casualty rates was small wound PCmunlc mtd neu re. 
Mice mulowtorecomeo Close. Therefore, there was no 
@ramee in £Oorce Separation, and hence, no change in the 
Meemm@low-rate cocttterents. Movement of forces was in- 
Maliciminterac Modem. Dut the effect of force separation on 
the attrition-rate coefficients was disregarded. 

Pondene |lL). | Siamle|, has further developed Weiss's 
eecemstons of Lanchester equations to investigate the ef- 
Meets Of MObility and range dependencies of weapon systems. 
Meelas done this by formulating a model which considers 


iemrritcy and the influence of range on the attrition-rate 


meeaticients. The attrition equations of this model are 
maven by: 

d 

Te = 7a(r)y(t) (5) 


a =) (ia) (ice) ae (6) 
where the terms are defined as for equations (1) and (2), 
Pane wexcCDEION that the artrition-rate coefficients are 
no longer constant, but now vary with the range between 
moOrces, 


Three forms of the attrition-rate coefficient were 


woncidered by Bonder. They were: 


a(r)=k (Ry-r) » B8(r) =k, (R,-r) (linear form) (7) 


Cea) ec lesa) = 6 (r)=6o (1-r/R,) * (quadratic form) (8) 


a(r)=a9/2[l+cos(mr/R,) ], B(r)=8o/2[1+cos(tr/R,) ] (cosine 
form) 


(9) 





where: 


i = force separation, 
R ~eetieemivcoramce Of both forces, 

k Ke = constants, | 

Cocoa eakertitdomn-rate coefficients at r = 0. 

Mobility was incorporated into the model by transforming 
equations (5) and (6) into second order differential equa- 
Proms With r as the independent variable [1]. By assuming 
Emat the effective range, Roe was the same for both forces, 
Paethe actrition-rate coefficients were of the same form, 
bender was able to obtain an analytic solution for the 
maenage force strengths, x{r) and y(r), for decreasing values 
mmr orce separation [1], [3], [8]. 

nbehougchebonder "Ssmodel 1s much more appropriate than 
mie Classical Lanchester theory for the analysis of mobile 
weapon systems, its use is delimited by the assumptions 
necessary to obtain the solution for x(r) and y(r). Taylor 
[6], using Bonder's model, employed a different mathematical 
mporoach in Obtaining a solution to (5) and (6). The solu- 
ron he obtained is much more general than that obtained by 
ibomeer;,; the assumptions necessary for Bonder's solution are 
Meommroduiredmret la, lor Ss ssolution. = Taylor's solution 1S in 
RicsfOnlwOL an Imtinvee Senrtes, with tine as the independent 
moerable. laylor has previously shown |7]} that it is incon- 
Teouchilal temel ther wtereesseparatilon Or time is considered 
as the independent variable, one form being derived from 
Picmotnowe Nits sea General solution to Lanchester equations 


inom dasha lem rTOmr. those Situations in which the 
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; 


Gepposing forces have different effective ranges and/or dif- 

fZenment ranoe dependencies of attrition-rate coefficients. 
Ci jjeetelbaberimuerest 15 Taylor's solution to the 

Lanchester equations when the forces have attrition-rate 


@eetiicients of the following form: 
a(t)=k,t™ (10) 
b(t)=k,t’. ao 


iioesolutiton to the attrition equations 


X= -a(t)y(t) 
sx = -b(t)x(t) 


feeetea(t) and b(t) given by (10) and (11) respectively is: 





ie : 
ag) = - Sone) ae I ar +5 
- P DE -p S 
one © (ee 2 ae 


vA a 
8p PCB a sais ; ab 6) | G2) 
(m+1) 2S p S 





l+n a 
a? Ft seen || G ; eters 
y 4 2S = S 


kX T(1+q) k_k 
- ee eee it. (13) 
(n+1) 2S qj s 


Td 





where 


Beer 2) z m+] = 
ae P™ (ment2) ? aCe eee (14) 


and T(x) is the modified Bessel function of the first kind 
and order v [6]. The solution is now in terms of tabulated 
mune tLOnsS . 

Donde ssenodeleand Taylor's solution for average force 
ference this given by (12) and {13) were used to extend Bonder's 
my (S|, [8], of the effect of mobility on the outcome of 
@eeanchester type engagement when both forces had the same 
eter oer anec,  !Menattration-rate coefficients were de- 
Memacnt Om the torce separation, but not necessarily in the 


same manner. 


ie 





Fv vianoD OF STUDY 


In investigating the effects of mobility on the out- 
come of a Lanchester-type engagement, the following ques- 
tions were considered: 

1. How were the terminal force strengths affected by 

the attack velocity? 

Publow soramthemcorm Of the aktration-rate coefficient 


COMenbUTCmrG te Te1fCCLSpOn attack vellocity? © 


A. SCENARIO 

The following scenario was used in an attempt to answer 
the above questions. Two homogeneous forces, an X force 
and a Y force, were engaged in combat. The X force was the 
attacking force, while the Y force was defending a fixed 
mecteron. Both forces had attrition-rate coefficients which, 
fenost Cases, Varbtea@ with force separation. This force 
meparaci1on closed at a constant veiocity. The range at 
which the battle commenced was the effective range for both 
forces. The attrition-rate coefficients used were the aver- 
@ecevalues for each value of force separation, i.e., sto- 
mastic Variations in attrition rates at a specific range 
Mmewme disreparded |é].. The attrition rates used were of the 


mollowing form: 


one) ysis. ORS} 


a) = Soller (16) 
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e@matrons (15) and (16) can be shown to be equivalent to (10) 


and (11) be letting 


m n 
7 V = V 
Koa fe] oe Li] 
O O 


and t = 


where Re homie meanceomatewhrehn the battle begins OR aise 
pacmeveis the attack velocity. The force attrition for this 
Seetar1oO 1S given by (5) and (6). The necessary assumptions 
Mmmerent in the Lanchester theory of combat given above are 


mpplicable in this situation. 


B. DESCRURTTON OF MODEL 
The model used was based on Taylor's solution, given in 


feez) and (135). Using the relationships that 


m 
r(t) = Ro-Vt, ka ae [| w= ee foe |” 





mtn 
v _ Ne 2 y 
and kk, = | Ro | oo ) 


a solution with range as the independent variable was ob- 


fumed... Thais solution is as follows: 











ate 
ie : Ne ao ; i 
ea iS Pir | vol Lye) vy ee eu i) 
O 
I Ko “ao Be ts : ao Y I'(1+p) [Fe |. 
= S Re (m+1) V 
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Roy oe Rv S 
_O AoBo I _O GoBo fy. ro 
V 2S p V S ie 
and Mee 
Yr - Se aoB 7 
y(r) = a a | Meg) | 2 28 (18) 
O 
R V R 
: MOL Guein 1,5. | Bee ean) so 
a 9 V S Ro (n+1) V 
~q 
R Key S 
_O aoBo j _O _A0Bo pee 
V TE q | V S R 
O 
Pi teceiyesos and GQ are as previously defined in (14). Again, 
fmrsesOluciOn 15 in terms of tabulated functions. There are, 


mowever, tew tables of modified Bessel functions of the 
Morse kind Of fractional order. These tables are available 
in reference [5]. The modified Bessel function of the first 
Kind of order p has the power series expansion [4] 


x Ct 
eeGx = r Oe 
Pp k=0 kT (k+p)! 


Using this form of the Bessel function, equations (17) and 


(18) can be rewritten as 


R 


x(r) = XI(1-p) {| ,Z5 iv 9 Bo 0 


2k fiz | 
(19) 





y ae He Oe ES 0. 


1G 





le 
_ oY F(itp) [Noli 2 | Bo “aobo |. 
m+] V ane 2S 


R 
O 


kIT (k+1+p) 


: . ers 


and 


2k ,-2_| 2ks 
o |Ro see Ro (20) 
oop =) tT (1-q) KZ i k! 





2k 
_ BoX TU+q) |of) 2 Jo Toobol 
igtiadl V k=0 V ZS 


a — 
R 
O 

ki? (k+I+q) 
mecomputer program which evaluated equations (19) and (20) 


mereetisea to Obtain numerical results. 


c.. INPUT PARAMETERS 

Two sets of numerical results were Sonpubred wsine this 
Hedebee sili ome Case, Case 1, the parameters were selected 
fT Veet Venencomm once Nada Larger initial strength than the 
Tetorce, but the Y force had greater fighting strength in 
micmetascicalvianchester sense, (i1.¢€., osY* > BoX*). In the 
Meaneneeasce, Gase Il, the X force had both an initial strength 
sivantace ana a fighting strength advantage (8 9X? > a Y*). 
The parameter values used in each of these cases are shown 


Pate vem ineco taining numerical results in each case, 
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Seme OL thie parameters were held constant, while other pa- 
mierero were varied. —~the parameters which were held con- 
Stant were the initial force strengths, the values of ay 
Meemioneealde the errectivye range; the parameters which were 
Varied were the attack velocity, and the exponents in the 
Metrition-rate coefficients, m and n. For each combination 
Seem and n, (19) and (20) were evaluated for values of at- 
tack velocity varying from 0.5 meters per second to 25 meters 
mer Second. 

Micmvaglucssoteergrand Bo were selected arbitrarily; none 
Mmampenceresults Of Studies of the attrition-rate coefficient 
malseiol, were applied in obtaining these values. The values 
selected are, however, the same order of magnitude as those 
used by Bonder in his work. Figure 1 shows how the attrition- 
meee CoOckricients vary With range for different values of in 


and n. 


D. UeEOr THE eMODEL 

1. Computer Program 

Numerical results for the model were obtained from 

a computer program written in FORTRAN IV language; this pro- 
Seam 1s Shown on pages 40 and 41. Equations (19) and (20) 
are particularly amenable to computer based evaluation. The 
infinite series terms in both equations were evaluated using 
recursive relationships. In describing the programming 
Meennique used in computing these infinite Semies | te mls, 
only equation (19) will be discussed. An analagous technique 


memused for the evaluation of the terms in (20). 


uw 





Equation (19) can be rewritten as follows: 


aly Pe el ole 
ll on se es Oe WA 5 9 





x(r) = 
where 
Teese sn’ 06 2 EQ 12K 
et Ze men + Z 
R 
oe _O _O0Bo ees 
V 2s R ; 
re) 
Now 
T = 1 
10 r(1-p) 
anid. 
_ r(k-p) : 
Ti, = © * gereeeicpy * Tijx-1 > for k 22 
Let 
R a 2 2ps 
D = 0 a08o oe 
V 2S R 
O 
Now 
ue 2ps 
Ro 
ik cn aan eaten ee 
20 (1p) ; and 
Die - 
r(k+p) x T 
T =x : x Z : Zee 
2k kx? (k+1+p) he 2(k-1)s+*2ps 
R 
O 
One > 1 


immo tie terms tor S; and S» were obtained from the recur- 
pave seeclationships for Tak and Toy: iittne prod raluuss pean 


S2 were computed as follows: 
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a 


N 
A ea 


ys 1x10 °° 


The average force strength for both forces was com- 


where N is the smallest integer such that T; 


mieed tOr decreasing incremental values of force separation. 
ies program terminated when either the X force or the Y 
merce was COmpletcly annihilated, or when the X force over- 
femme Y £Orce position, (1.e., r=0). 
2. Computer Program Output 

Pieweonputer proyram gave the average X and Y force 
Seeenetis for every 20 meters of decreasing force separa- 
oie rom thiS intoOrmation, the values of force strengths 
and force separations at the end ef the engagement were ob- 
tained. ‘The values of terminal force strength and final 
Bestttons Of Lorces were obtained for each combination of 
menos OL Mm and n, and for cach value of attack velocity 


considered. 


ang 





Wesco ONTOP OUTPUT AND RESULTS 


Pivunecme  tnroweh I show the effects of attack veloc- 
mayo the terminal force strengths for each combination of 
Mmeeamecers considered. The graphs readily indicate that the 
meroct Of attack speed on the outcome of the engagement is 
@penadent On the parameter values used, particularly the 
values of m and n, which determine the form of the attri- 
Mmeon- rate coefficients. 

SMiemelasstealehanenester results are shown for Cases ] 
aceeil an Figure Z. When m=n=0, the attrition-rate coeffi- 
ments are Constant throughout the engagement. Note that 
Mmetooeho, 1.c., when the Y force has greater fighting 
meee, the X force was annihilated before it reached Y's 
Peemtron When 3t attacked at speeds of less than 20 meters 
Meomesceond. At higher attack speeds, the X force was able 
memreachn 1'S position, but Y had numerical, and hence, 
fighting superiority. In Case II, with m=n=0, the X force 
dominated the engagement throughout. At attack speeds of 
Mescetitan 16 Meters per second, the Y force was completely 
ee mc morc the X £Orece reached 1fS position. At 
Speeds @reater than 16 meters per second, there were Y 
PeOmecnsUIVvIVOrs when the X force reached the defended posi- 
Pim omulce attack speed increased, the number of X and 
WeeEOree SUrVivVOrs increased, but the X force maintained 
Mmetredleand f19htime siiperiority. Thus, an increase in 
attack speed caused an increase in terminal strength in both 
Case I and Case II. The maximum velocity for which one side 
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feemounniiilated corresponds to the time required for anni- 
hilation, as obtained from the time solution of equations 
@emeand (7) [2]. thus, increasing the attack velocity 
Memely shortens the Nength of the engagement. Since the 
Imamenester Square law holds in this case, a decrease in the 
duration of the battle results in an increase in the number 
Smesurvivors of both forces. Thus, by attacking at a very 
high attack speed, a force with initial numerical superior- 
meewean Obtain terminal numerical superiority. 
Vici@i-l—iem—oOtmeattrition-rate coefficients vary lin- 
eee ty with Loree separation. Figure 3 illustrates how the 
outcome of the engagement in Case I and Case II was affected 
ipeetme attack velocity. In Case I, the X force was annihi- 
Maced before it was able to reach Y's position when it at- 
me@med at Speeds less than 10 meters per second. At veloc- 
ities greater than 10 meters per second, the number of X 
force survivors increased much faster than the number of 
ieerOonee survivors. Finally, at velocities greater than ap- 
proximately 24 meters per second, the number of X survivors 
exceeded the number of Y survivors, resulting in X force 
numerical superiority. In Case II, an increase in attack 
velocity resulted in an increase in the number of survivors 
for both forces, and a prolongation of the engagement. The 
X force maintained its terminal numerical and fighting su- 
Memulomicy stor abl values of attack velocity. The situation 
when m=n=2, as shown in Figure 4, is similar to the case 


when m=n=l1. In Case I, the X force achieved terminal numerical 


Zi 





Sumpenzority Dy attacking at a velocity greater than approxi- 
fiom Loemeters per second. In Case [I, an increase in 
MmEackevyetOGity Caused an increase in the number of survivors 
ioe OLti £Orces, but the X force maintained its terminal 
Seremngth advantage at all values of attack speed. 

Biter mince ienotm attrition-rate coefficients vary in a 
mimcar Or Quadratic manner, an attacking force can compensate 
moemeeaes lack of fighting strength superiority by attacking at 
a higher velocity. These results have been obtained by 
Bonder [3]. When the attacking force has the advantage in 
moms OL t1¢hting strength, it can increase its number of 
Eervivors by increasing 1ts attack speed. This has the pos- 
Sably adverse effect of Causing an increase in the number 
@emememny SUrVivors at the objective; the attacking force, 
momtevetyers Stall the superior force, regardless of the at- 
mdekespeed, It would thus appear that the attacking force 
commander would have a choice of how to attack the defended 
mesttion. | A relatively slow attack would destroy the enemy 
pamometo the attacker's arrival at the position, but would 
result in a larger number of casualties in the attacking 
Monee, wltermatively, a faster rate of attack would result 
an fewer friendly casualties, and more enemy survivors at 
ine mon fective. 

The increase in the number of suriviors of both forces 
is a direct consequence of the Lanchester square law; the 
square law holds when both linear and quadratic kill rates 
are considered. A result of the square law is that the two 


forces will always have the same strength values at a specific 
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meer auring a battle, regardless of the duration of the 
meet le. since an increase in attack velocity is equivalent 
moma adecrease in the length of the battle, the number of 
eivivors Of both forces will increase. Thus, it is pos- 
fiero tor a force with initial numerical superiority, but 
Memietirepower inferiority, to reach a defended position with 
numerical superiority by attacking at a higher speed. The 
reduction in the duration of the engagement prevents the 
femending force, with its superior firepower, from reducing 
Miematcacwing Lorce strength to an inferior level. A reduc- 
buon in the duration of the battle is equivalent to a trans- 
HeOGmatron Of the time scale of the attrition process. 

Pitiweceecnrouun VO s1llustrate the outcome of the 
engagement when the opposing forces do not have attrition- 
mreeecOctiicients of the same form. Figures 5 through 8 
imemresent the Cases when one of the forces has a constant 
meeratron-rate coefficient (m or n = 0), and the other force 
fiomaelinedr Or quadratic Coefficient. AS is readily obvious, 
when m=0, Piemattac velocity had no influence on the outcome 
@f the engagement; the X force was annihilated in every in- 
Stance except in Case II with m=0 and n=l. Then, as can be 
Seemein Fagure 5, there was a slight increase in the X force 
fieuninabestrength at a velocity of about 25 meters per second. 
iis simecrease was 1nSignifticant when compared with the Y force 
terminal strength. 

DicimiMencemnthice \ £Orce attrition-rate coefficient 
MwGonstaneemtnesattack speed did influence the outcome of 


the engagement. Figures 7 and 8 depict these cases. The X 


ao 





feonec Nad terminal numerical superiority in each of the 
engagements, and in each case, slower attack speeds resulted 
mmronres 9h Oree SUrVIVOrs. This 1s reasonable, since, as 
eomebe Seen in Figure 1, the X force attrition-rate coeffi- 
Bicniemcomimates the Y force coefficient at greater ranges 
Deuween forces. Thus, at slower attack speeds, more time 
Mmemopenlt at these greater ranges where the X force has the 
Siegert il-yate. From this result, 1t 1s seen that it is 
mv camtarsecous to keep the enemy force in the best "kill zone." 
A more practical, and common situation is when one Once 
Mew My -atwiattnition- rate Coctficient and the other force 
Mesa GUadratic coefficient. Figures 9 and 10 illustrate 
these situations. In both Case J] and Case IJ, with m=1 and 
meeeeeeiic 1 tOrce had a large terminal numerical advantage 
feunceslower attack speeds. However, the X force was able 
momeueduee thts Slperiority by attacking at a higher velocity. 
immerdce 1 Ene X force reduced its casualties by increasing 
mesmopeced, even though 1t was never able to achieve a num- 
erical advantage. However, in Case II, the increased attack 
Pomoc rEysdlderesult in xX force numerical Superiority. In 
MeEWwmouvEnWese cases, the X force attrition-rate coefficient 
is very small at ranges near the effective range of both 
nomeese | For example, in Case I, with a force separation of 


PUtMnerencuN Ene. torce cGoetticient, or kill-rate, is given 


by 


SC LOOD) SS CS ey Ue 


SOUS (l= 900/ 2000) = 
OOOO Zs 


HI 
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itewcorresponding Y force kill-rate at this range is 
a(1900) = .001 


iis, lt 1S advantageous for the X force to close the range 
between forces as quickly as possible in order to reduce the 
Mmuemspent at ranges at which the Y force has such a distinct 
iMmebk-rate advantage. 

Figure 10 shows that when m=2 and n=1, the X force was 
memo Uperior tOrce gm both Case 2 and Case II, regardless 
@emene attack velocity. However, as in the case with m=l 
ome and n=O, a reduced attack speed resulted in fewer X 
memeececasudlttes, while, at the same time, the Y force was 
inibatea. | Iits 15 ecxplained, as before, by the fact that 
@ieemiee tine carly stages of the battle, the X force attrition- 
Pieomeccmricrenh, toccther With the initial X force strength 
mowameage, completely dominates the Y force coefficient and 
strength. Thus, it is more advantageous to attack at slower 


speeds. 
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Ve CONCLUSIONS 


From the previous discussion, it is clear that the 
effects of attack velocity on the outcome of Lanchester- 
im pec engazements depend on the parameter values of the 
Mactrcular engagement, and especially on the form of the 
meertion-rate coerficients of each force. When the at- 
feetron-rate coefficient Of the attacking force dominates 
miwsot the defender in the carly stages of the battle, 
ite attack should be conducted at a slow speed to take ad- 
wawesemor tie ktll-rate superiority enjoyed by the attack- 
Memrorce. Conversely, when the defender dominates the 
Periom in the early stages, it 1s advantageous to attack at 
eeeeasten speed. thus, when the kill-rate of a force does 
Teescdonimate the kill-rate of the opposing f@rce at all 
mameese it 1S most advantageous for that force to hold the 
mppesame Loree at ranges where it is subjected to the maxi- 
Diet -rate advantage. this implies the obvious result 
Piteeweiombest tact+c to employ is to keep the enemy in the 
miaxamum killing zone." 

iNeweaseseimewhiien the attack speed had the least effect, 
if any, on the outcome of the battle, were the ones in which 
Si weOr boul. ot the torces had a constant attrition-rate 
coefficient. It is intuitively appealing that there would 
Powe meoncetieadtecatses amowhiich either of the forces in- 
Moc dmietiicdeiave a Comstant kill-rate. Therefore, in the 


ieee onde ticalweases discussed, it appears that the speed of 
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attack does influence the outcome of a battle. However, no 
Peemomatle Statement describing this effect can be given, 
mubecemele clteecL depends on the characteristics and capa- 
Mmeenttcs Gr the opposing forces. 

imma ctual combat Situation, the opposing forces 
Ment well have different effective ranges. An area for 
mmnnecr Imvestigation would be a study of the effects of 
Mmapcek Velocity when forces do not have the same effective 
meme. AS previously stated, Taylor [6] has developed a 
mwmcaen to Bonder's model for the case when forces have 
epee meltecttocetive ranges and linear dependence of the 
feeerrcion-rate coefficients. Taylor states [6] that his 
Pemmeron Can be extended to situations where other range 
Menemaencies Of the coefficients exist. Such an investiga- 
Mmiomeusine Taylor's results would undoubtedly lend greater 
insight into the effects of weapon-system mobility and 


meeritieon-rate dependencies. 
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V. SUMMARY 


May them sOlittons to variable-coefficient Lanchester- 
mapeecdlatlons were used to examine the effects of attack 
velocity on the outcome of engagements between two homo- 
Pemeous forces. Constant and range dependent (linear and 
Mmeratic) attrition-rate coefficients were considered. 
ite sterminal numerical strength for each force was deter- 
mined for various values of attack velocity. These termi- 
nal strengths were determined for the cases when the opposing 
forces had the same type of kill-rates, e.g., both linear, 
madewhen Chey had different types of kill-rates. 

When the opposing forces had the same type of kill- 
mies, tne Lanchester square law applied. An attacking force 
feetnvital numerical Superiority, but with firepower in- 
PrOrhey os was able to achieve terminal numerical superior- 
me Db attacking at a high speed. This result is a consequence 
Gumune Lanenester Square law, and the fact that an increase 
mieietacweyvclOocity 15 equivalent to a decrease in the dura- 
fron Of the battle. 

(icimenemoppOsime 1Orces had different types of kill- 
mime smut NcmetEeCts Of attack velocity were dependent on the 
PommsomOemtve kKilli=rates. If the kill-rate of the attacking 
force dominated that of the defender, the attacker could 
Sonscivemmlsetoree by attacking at slower speeds. Converse- 
ly, if the kill-rate of the defender was dominate, it was 


Mawi@geaecollse1or the attacker to attack at higher speeds. 
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